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Since 2001, trained snorkelers, freedivers, and scuba diver volunteers (collectively called
EcoDivers) have been recording data on the distribution, abundance, and bathymetric
range of 43 selected key marine species along the Mediterranean Sea coasts using
the Reef Check Mediterranean Underwater Coastal Environment Monitoring (RCMed
U-CEM) protocol. The taxa, including algae, invertebrates, and fishes, were selected
by a combination of criteria, including ease of identification and being a key indicator
of shifts in the Mediterranean subtidal habitats due to local pressures and climate
change. The dataset collected using the RCMed U-CEM protocol is openly accessible
across different platforms and allows for various uses. It has proven to be useful for
several purposes, such as monitoring the ecological status of Mediterranean coastal
environments, assessing the effects of human impacts and management interventions,
as well as complementing scientific papers on species distribution and abundance,
distribution modeling, and historical series. Also, the commitment of volunteers promotes
marine stewardship and environmental awareness in marine conservation. Here, we
describe the RCMed U-CEM protocol from training volunteers to recording, delivering,
and sharing data, including the quality assurance and control (QA/QC) procedures.
Keywords: marine citizen science, indicator species, marine protected areas, coastal zone management,
monitoring, climate change, human impacts, Mediterranean Sea
INTRODUCTION
Community-based environmental monitoring is a participatory approach engaging
volunteers through citizen science (CS) programs to enhance the ability of decision-makers
and non-government organizations to monitor and manage natural resources, track
endangered species, and protect biodiversity (Conrad and Hilchey, 2011; Chandler
et al., 2017). Therefore, community-based monitoring engages citizen scientists and
other stakeholders in the ecosystem-based management of natural heritage, not only
aiming to increase the chance of obtaining biodiversity data for conservation purposes
but also to raise public awareness and support for environmental protection (Keough
and Blahna, 2006; Freiwald et al., 2018; Alexander et al., 2019). Marine citizen science
(MCS) may provide a valuable contribution to community-based monitoring in
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marine environments, given the vastness of the world’s oceans
and coastlines and the diversity of their habitats, communities,
and species (Thiel et al., 2014; Garcia-Soto et al., 2017). Involving
millions of people worldwide, MCS programs are becoming
increasingly important to conservation science not only by
providing monitoring of biodiversity, ecosystem services, and
functions but also by influencing and improving themanagement
of marine protected areas and fishery resources (Freiwald et al.,
2018). Despite a worldwide increase in program number and
extent of MCS (Thiel et al., 2014), the collected information is
rarely used for institutional monitoring programs or to inform
decision-making processes in marine conservation (Conrad and
Hilchey, 2011). This disconnect is partly due to persisting
skepticism about the reliability of data collected from volunteers
(Burgess et al., 2017) and a co-creation approach in the supply
and demand of environmental monitoring data that is still not
well-integrated in CS processes (Bonney et al., 2015). However,
many studies demonstrate that well-trained citizens can provide
valuable data on marine environmental issues and that suitable
protocols for volunteer projects can provide results consistent
with the methods used by the professional researchers (e.g., Holt
et al., 2013; Forrester et al., 2015; Done et al., 2017). Still, there
are limits to accessing the MCS data (Thiel et al., 2014), which
are not always well-organized and readily available according to
the FAIR (findable, accessible, interoperable, and reusable) data
principles (sensuWilkinson et al., 2016).
Here, we describe a well-established MCS protocol i.e., the
Reef Check Mediterranean Underwater Coastal Environment
Monitoring (RCMed U-CEM) protocol, which is refined and
applied since 2001 by trained snorkelers, freedivers, and scuba
diver volunteers (hereafter called as EcoDivers) to collect data
on the occurrence, distribution, abundance, and bathymetric
range of selected key marine species along the Mediterranean Sea
coasts. The obtained dataset is openly accessible across different
platforms and allows for various uses, such as complementing
scientific papers on the species distribution and abundance,
aiding distribution modeling, and comparing historical series
(Lucrezi et al., 2018 and references therein). The protocol is
implemented, and the data are maintained by the non-profit
organization Reef Check Italia onlus, collaborating with the
other European Reef Check organizations, members of the
worldwide Reef Check Foundation, and within the Reef Check
Mediterranean Sea network.
METHODS
Reef Check Mediterranean Underwater Coastal Environment
Monitoring (RCMed U-CEM) protocol is intended to collect
data on the abundance, and geographical and bathymetric
distribution of selected taxa. It requires trained participants
(certified EcoDivers) to collect standardized data and send it
to the online database. The data are then processed and made
available on the various open access sharing platforms.
Selected Taxa
The 43 target taxa were selected by scientists from a combination
of two or more criteria, including ease of identification, inclusion
in the international lists of protected species, being sensitive to
human impacts, and the effects of climate change occurring in
the Mediterranean subtidal habitats (Table 1). Morphologically
and ecologically similar species have been included at the genus
level or higher taxa (Cerrano et al., 2017). The selected taxa
embrace a broad taxonomic range, from algae to invertebrates
and vertebrates. Most of them are sessile or sedentary with
a limited home range; therefore, they cannot escape the local
human disturbances and changes in environmental conditions.
In terms of both resistance and resilience of local populations,
their sensitivities to pressures were assessed and employed to
develop the MedSens biotic index (see Supplementary materials
in Turicchia et al., 2021a).
Participants Training
The trained volunteers are involved in the program. Their
training is verified before being certified as EcoDivers. Once
certified, they can independently apply the RCMed U-CEM
protocol. Although they are often passionate naturalists, diving
experts, and sometimes marine biologists, participants are not
required to have any particular level of scientific background. Of
course, they must be sufficiently skilled in snorkeling, freediving,
or scuba diving, depending on how the protocol will be applied.
Training is based not only on protocol explanation but also
on raising awareness of the usefulness and importance of
the data collected for the conservation of the Mediterranean
Sea’s coastal marine habitats. The course syllabus includes
knowledge about main marine habitats, field identification
of target species, and their ecological role. It also covers a
range of geographic localization methods using nautical charts,
conspicuous points, and satellite global positioning system (GPS)
devices. Training materials encompass an illustrated protocol
manual and benefit from a multi-language website1. Teaching
methods include the initial lesson, class discussion, full hands-
on demonstration, data entry, and final debriefing. Trainers
are generally marine biologists, diving instructors, or both,
with proven communication skills and experience in applying
the protocol. Individual learning assessments are based on an
online questionnaire (implemented on the QuestBase platform2),
allowing immediate feedback on the ability of the participants
to provide the data correctly. Certified EcoDivers are assigned a
unique identification code to be used for data entry. They also
sign a privacy agreement, compliant with the European general
data protection regulation, which allows sharing the collected
data on their behalf but leaves each one responsible for the quality
of the data they provided.
Survey Method
The surveyed sites are freely chosen by EcoDivers and localized
using GPS receivers, nautical charts, or conspicuous points
(e.g., mooring buoys in marine protected areas). Geographic
coordinates (WGS84) are recorded with ± 6 arc-seconds (i.e.,
185m in latitude) accuracy, the usual distance range explored by
divers. Before going snorkeling or diving, each EcoDiver has to
1https://www.reefcheckmed.org
2https://www.questbase.com




























TABLE 1 | The selected taxa, the criteria that they meet, and their main features.
Sensitive to










divers pollution habitat loss climate
changes
Caulerpa cylindracea Ulvophyceae S Rocky bottom 1–40 X X
Caulerpa taxifolia Ulvophyceae S Rocky bottom 1–40 X X
Ircinia spp. and other
Keratosa
Demospongiae S Coralligenous 1–200 P2 (*) X
Axinella spp. Demospongiae S Coralligenous 5–200 P2 B2 (*) X
Aplysina spp. Demospongiae S Rocky bottom, cave 2–100 P2 B2 (**) X
Geodia cydonium Demospongiae S Rocky bottom, detritic 5–100 P2 X
Tethya spp. Demospongiae S Rocky bottom, detritic 1–30 P2 (**) X
Corallium rubrum Anthozoa S Coralligenous, cave 15–1000 P3 B3 H5 X X X X
Paramuricea clavata Anthozoa S Coralligenous 15–150 X X X
Eunicella cavolini Anthozoa S Coralligenous 5–200 X X X
Eunicella singularis Anthozoa S Coralligenous 5–100 X X
Eunicella verrucosa Anthozoa S Soft bottom 15–120 X
Maasella edwardsii Anthozoa S Rocky bottom 2–30 X
Cornularia cornucopiae
and other Stolonifera
Anthozoa S Rocky bottom 1–20 X
Parazoanthus axinellae Anthozoa S Rocky bottom 1–150 X
Epizoanthus spp. Anthozoa S Rocky bottom, artificial
reef
1–50 X
Savalia savaglia Anthozoa S Coralligenous 10–200 P2 B2 X X X X
Cladocora caespitosa Anthozoa S Coralligenous 1–40 C2 X X X
Astroides calycularis Anthozoa S Rocky bottom 1–40 P2 B2 C2 X
Balanophyllia europaea Anthozoa S Rocky bottom 0–40 C2 X
Leptopsammia pruvoti Anthozoa S Coralligenous 5–100 C2 X X
Patella ferruginea Gastropoda M Rocky shore 0–1 P2 B2 H4 X
Rapana venosa Gastropoda M Rocky bottom, artificial
reef
0–15 X
Pinna nobilis Bivalvia S Sea grasses, detritic 2–40 P2 H4 X X X
Arca noae Bivalvia S Rocky bottom 1–60 X X
Pecten jacobaeus Bivalvia M Soft bottom 20–200 X
Mimachlamys varia and
other Pectinidae
Bivalvia S Rocky bottom 5–100 X
Palinurus elephas Malacostraca M Coralligenous, cave 5–150 P3 B3 X
Homarus gammarus Malacostraca M Coralligenous, cave 5–150 P3 B3 X
















































































TABLE 1 | Continued
Sensitive to










divers pollution habitat loss climate
changes
Paracentrotus lividus Echinoidea M Rocky bottom 0–30 P3 B3 X X
Centrostephanus
longispinus
Echinoidea M Rocky bottom 10–200 P2 B2 H4 X X
Ophidiaster ophidianus Asteroidea M Rocky bottom 1–100 P2 B2 X X
Microcosmus spp. and
other similar Pyuridae
Ascidiacea S Rocky bottom 3–100 X X
Polycitor adriaticus Ascidiacea S Rocky bottom, detritic 2–50 X
Aplidium tabarquensis Ascidiacea S Rocky bottom, detritic 3–50 X
Aplidium conicum Ascidiacea S Rocky bottom, detritic 3–50 X X
Hippocampus spp. Actinopterygii SW Sea grasses 2–40 P2 B2 C2 (**) X X X
Conger conger Actinopterygii SW Rocky bottom, wreck 1–1000 X
Sciaena umbra Actinopterygii SW Rocky bottom 5–200 P3 B3 X
Chromis chromis Actinopterygii SW Rocky bottom 2–40 X
Diplodus spp. Actinopterygii SW Rocky bottom 1–100 X X X
Trisopterus minutus Actinopterygii SW Rocky bottom, detritic 15–200 X X X X
Tot.: 16 16 3 9 7 8 15
Habitus: S, sessile; M, motile; SW, free-swimming. Protection status: B2-3, 1979 Bern Convention on the conservation of European wildlife and natural habitats, annex 2-3; P2-3, 1995 Protocol concerning Mediterranean specially
protected areas and biological diversity (after Barcelona 1976), annex 2-3; H4-5, 1992 European Habitats Directive (92/43/EEC) on the conservation of natural habitats and of wild fauna and flora, annex 4-5; C2, 1973 CITES Washington
Convention on international trade in endangered species of wild fauna and flora, annex 2. (*) one or more protected species belong to this genus, (**) the two Mediterranean species belong to this genus are protected (modified from
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TABLE 2 | Numerical and descriptive abundance classes used to record the
abundance of the target species observed during the survey.
Class Numerical range Descriptive class Web GIS legend
0 0 individuals Absent ×
1 1 individual One specimen
2 2 individuals Some scattered specimens
3 3–5 individuals Several scattered specimens
4 6–10 individuals A crowded area
5 11–50 individuals Some crowded areas
6 >50 individuals Several crowded areas
The color scale used in the legend of the Web GIS application is reported.






Posidonia and sandy bottom





Breakwaters, ports and artificial reefs
River mouth
Coastal lagoon
choose one or more of the 43 taxa included in the protocol as
search targets, according to the expected habitat typology, survey
depth, and personal motivations.
EcoDivers can make independent observations along random
swim (Hill and Wilkinson, 2004; also called “roving visual
census,” sensu Rassweiler et al., 2020). They record the
presence/absence of the species and their abundance (using
numerical or descriptive classes according to the countability
of organisms; see definition in Table 2) and depth range of the
searched taxa. Prevailing habitat (chosen from a list; Table 3),
estimated underwater visibility, and the presence/abundance of
gas bubbles leaching from the seabed are also recorded. Not
encountered but actively searched taxa are reported as absent.
No data are provided for not searched taxa. The time dedicated
to actively search target species (at least 10minutes) must be
recorded. A preset underwater slate, with target species drawings
and available with different species selections and languages,
helps in the identification and recording tasks (Figures 1, 2).
Data Entry
Recorded observations, including absence, site name, geographic
coordinates, date and time, underwater visibility, survey depth
range (min and max), and observation effort in terms of
dedicated time, are uploaded to the online database through an
internet form3 or a dedicated multilanguage app for Android
smartphones (“Reef Check Med” app) connected to the online
database (Figure 3).
Geographic coordinates can be entered either in decimal
degrees, degrees and decimal minutes, or degrees, minutes, and
seconds, specifying east or west. Users of the smartphone app can
benefit from the built-in GPS, remembering to use it near the
surveyed site. The website and the app also provide EcoDivers
with an online satellite map to retrieve geographic coordinates
based on conspicuous points. Finally, the smartphone app
also allows to store and review data, even offline, before
submitting them to the online database. Additional notes on the
characteristics of the site or the presence of anomalous situations
such as mortality/disease events of marine organisms, presence
of waste, or abandoned fishing nets, can be provided at the end of
the form.
Data Quality Assurance and Control
Citizen science reliability is a major issue in the acceptance
and actual use of data collected by citizen scientists. As
such, proper data quality assurance (QA) and data quality
control (QC) are essential steps. For the RCMed U-CEM
protocol, QA is mainly based on the quality and learning
verification of the initial training and the personal responsibility
for the provided data. At the end of each training session,
a test is carried out to verify the level of competence
of each volunteer in the data collection. Only volunteers
who provide at least 70% correct answers can be qualified
as EcoDivers.
In April 2015, a field test was carried out to verify the
ability of the method to discriminate species assemblages
among close sites with similar habitats and the ability of the
trained volunteers to collect suitable data for this purpose.
Ten EcoDivers were divided into three training levels: two
participants belonged to the category “professional scientist
and trainer” (i.e., marine biologists who are also trainers of
EcoDivers), four to “professional scientist” (i.e., marine biologists
trained as EcoDiver), and four to “citizen scientist” (i.e.,
EcoDivers without any academic training in marine sciences).
Two dive sites were randomly selected at Gallinara Island,
an islet in the Ligurian Sea (NW Mediterranean Sea). At
each site, participants independently recorded the presence,
abundance, and depth distribution of 20 target taxa selected
among the ones in the RCMed U-CEM protocol, along a
predefined belt-transect of 100 × 6m. The dive profile varied
from 3 to 30m in depth. Each participant recorded the data by
applying the RCMedU-CEMprotocol, except for the constrained
path, and entered them into the online database. Afterward,
records were extracted from the database, and multivariate
species assemblage data were analyzed using principal coordinate
analysis (PCoA) based on Bray–Curtis similarities without any
transformations. Differences in species assemblage structures
(i.e., the combination of species found and their abundance)
3https://www.reefcheckmed.org/english/underwater-monitoring-protocol/
upload-your-data/.
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FIGURE 1 | Example of front and back of an underwater slate preset to record data according to the RCMed U-CEM protocol (Italian–English version with a subset of
the most common target species on rocky bottoms).
between the two sites (random factor) and resulting from the
observation carried out by participants having three different
training levels (fixed factor) were assessed by a two-way
crossed permutational non-parametric multivariate ANOVA
(PERMANOVA, α = 0.05; Anderson and ter Braak, 2003) under
the hypothesis that the assemblage structures differed between
sites and these differences were similarly detected independently
by the training levels of the observers. The test assesses if there
are no assemblage structure differences between the two sites,
differences among the assemblage structures detected by the
operators with different training levels, or a combination of
these two factors (training level and site). The analyses were
performed using the software PRIMER v. 6 (Anderson et al.,
2008). Patterns of similarities among the observed assemblages
are shown in the PCoA ordination plot (Figure 4). In this plot,
the distances among the points are inversely proportional to the
level of measured similarity in the corresponding assemblage
structures. The first two axes of the PCoA explained 34.8%
and 28.9% of the total variation. The ordination plot shows
some degrees of separation of the points from the two sites
but not among the observer training levels. The PERMANOVA
test confirmed the pattern showing a significant difference (p
< 0.01) in assemblage structure only between sites and not
among training levels (Table 4). Even if some minor differences
among the single operators were obtained, these represent
a random effect related to the accuracy of the method, as
occurs in any visual census. However, the method appeared
robust enough to distinguish the assemblages between sites with
similar habitats, a few 100m apart. This case study shows that
the absence of effects of the training level indicates that the
trained citizen scientists can provide the same results as the
professional scientists.
As data are sent to the online database, EcoDivers can
see their survey counter increasing. That represents an
important feedback that allows everyone to verify that the
system has accepted the data submission. Moreover, it
provides immediate public recognition for the volunteers’
work. However, the collected data are not made public
immediately but only after undergoing the quality
control (QC).
The user interface is designed in such a way to facilitate
data entry; however, typos in manual entry are difficult to
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FIGURE 2 | Scuba diver recording data close to a rocky bottom.
prevent. For this purpose, both web and app data entry forms
are equipped with automatic checks that prevent oversights
and common errors. Some fields are mandatory; some are
preset (all species are initially set to “not considered”) or
contain limits in the values that can be entered (for example,
for geographic coordinates). Yet, this cannot completely avoid
all possible errors. Post-entry QC is based on automatic
procedures (e.g., consistency among survey and observation
depth ranges, check for the possible exchange of the max and
min depths) and manual checks (e.g., matching between the
site name and geographic coordinates). Automatic algorithms
are applied during data extraction from the online database
using specific queries and procedures implemented in R
(R Core Team, 2019), ending with the automatic creation
of shapefiles (ESRI, 1998; Stabler, 2013). The shapefiles are
closely inspected by the Reef Check Med operators and then
validated. In the case of inconsistencies that cannot be resolved
uniquely by the operators, the EcoDivers who provided the
data are contacted by email to ask for further information.
If the problem cannot be solved, the indicated data are
definitively discarded.
An online interactive peer review represents a further step
in the QC of the data. To this end, as soon as the data are
published online, EcoDivers are informed and invited to check
the data in their favorite areas and report any possible doubts or
inconsistencies through an online form. Based on their reports,
the data are then re-analyzed and, where possible, the errors are
fixed in the subsequent data publication.
Open Access to Online Data
Data that has passed the QC are made public through the various
platforms. The most updated data are made freely available
on a web-based geographic information system (Web GIS)
built-up using the QGIS Cloud free platform4 This platform
4https://www.reefcheckmed.org/english/underwater-monitoring-protocol/
webgis-map/.
allows the visualization of all data on the Bing Aerial base-
map (Figure 5). The user can choose to visualize the survey
points, displayed as yellow dots, or the data inherent single
target species distribution and abundance, displayed as dots
colored according to an abundance scale or as a black cross
in case of species not found (Table 2). With the pointer, it
is possible to query the data stored for each point, including
geographic coordinates in decimal degrees, survey date and
depth, and the EcoDiver’s name, according to their informed
consent. The QGIS Cloud platform provides users with a full-
screen version and a smartphone version. Moreover, being
the platform an Open Geospatial Consortium compliant web
services allows the display of the maps via the Web Map Service
(WMS) or downloading the data via the web feature service
(WFS). Data are distributed under the international Creative
Common license (CC BY 4.0), which allows for free sharing
and adaptation, giving appropriate credit to the Reef Check
Mediterranean network.
Following the FAIR principles, a Darwin Core (Wieczorek
et al., 2012) compliant version of the whole dataset is available
at the Biology data portal of the European Marine Observation
and Data Network (EMODnet; Miguez et al., 2019) and
redistributed under the Ocean Biodiversity Information
System (OBIS) networks (including EurOBIS, MedOBIS;
Costello and Vanden Berghe, 2006 and references therein), the
European infrastructure on biodiversity and ecosystem research
(LifeWatch; Basset and Los, 2012), and the Global Biodiversity
Information Facility (GBIF; Flemons et al., 2007).
RESULTING DATA AND THEIR
APPLICATIONS
As of December 2020, the dataset consisted of 50,255 records
(including absence records) unevenly distributed among 43 taxa
in the Mediterranean Sea collected in 4,898 single survey events
from 2001 and carried out by 692 EcoDivers (Ponti et al., 2021;
Turicchia et al., 2021b). The data comes from Croatia, France,
Greece, Italy, Spain, and Tunisia, covering part of the following
ecoregions (sensu Spalding et al., 2007): Western Mediterranean
(52.3% of the surveys), Adriatic Sea (42.2%), Ionian Sea
(4.9%), Alboran Sea (0.2%), Aegean Sea (0.2%), and Tunisian
Plateau/Gulf of Sidra (0.2%). The possibility to focus on a few
target species during the underwater surveys ensures a higher
accuracy of the data collection: EcoDivers select the species based
on confidence (thereby reducing identification errors), personal
interest (increasing satisfaction), or because some species are
more charismatic than others (KrŽelj et al., 2020). Although
never assessed, a reduced number of species to consider may
reduce psychological stress during the surveys; however, this
generates skewed distribution efforts among the searched taxa
and surveyed coastal habitats. Indeed, the most-searched taxa
are common species like seabreams (Diplodus spp.) and the
edible sea urchin (Paracentrotus lividus), the noble pen shell
(Pinna nobilis), the red coral (Corallium rubrum), and sea fans
(Paramuricea clavata and Eunicella cavolini). Less conspicuous
but highly concerning species, such as invasive algae in the genus
Frontiers in Marine Science | www.frontiersin.org 7 August 2021 | Volume 8 | Article 620368
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FIGURE 3 | Android smartphone app screenshots: (A) main menu; (B) maps with previously investigated sites; (C) initial part of the data entry form; and (D) final part
of the data entry form.
Caulerpa, are also frequently surveyed (Figure 6A). As expected,
the most investigated habitats are those most attractive to divers,
namely, rocky coasts, cliffs, and wrecks (Figure 6B).
Over the years the dataset has been successfully used to
complement studies on the spatial and the temporal distribution
of key marine species such as the habitat-forming corals
in the central-eastern Mediterranean (Özalp and Alparslan,
2016; Di Camillo et al., 2018), the pink sea-fan Eunicella
verrucosa (Chimienti, 2020), as well as of rare and/or endangered
species like the gold coral Savalia savaglia (Giusti et al.,
2015), the zooxanthellate soft coral Maasella edwardsii (Özalp
and Ateş, 2015), and the sponge Geodia cydonium (Turicchia
et al., 2013). These data can also help in tracking mass
mortality events and assess the possible effects of climate
change (Pairaud et al., 2014; Ponti et al., 2018; Turicchia
et al., 2018; Garrabou et al., 2019) and the invasion of
the non-indigenous species Caulerpa taxifolia and Caulerpa
cylindracea (Montefalcone et al., 2015; Cerrano et al., 2017).
Moreover, the dataset can be used in assessing the protected
and sensitive species richness within the marine protected areas
(Turicchia et al., 2015, 2016; Cerrano et al., 2017), and in
offering an effective monitoring tool for the Mediterranean
subtidal rocky coastal habitats through the MedSens biotic
index (Turicchia et al., 2021a).
DISCUSSION
The RCMed U-CEM protocol integrates the Reef Check family
of protocols, which already includes those for the California
FIGURE 4 | Principal coordinate analysis (PCoA) ordination plot based on
Bray–Curtis similarities comparing species assemblages detected by scuba
divers with different training levels along the same pathway at two sites (Sites 1
and 2 are indicated by numbers) at Gallinara Island (Ligurian Sea). The training
level is indicated with symbols and colors.
coasts (Gillett et al., 2012) and tropical coral reefs around the
world (Hodgson, 2001) extending its range to the Mediterranean
Frontiers in Marine Science | www.frontiersin.org 8 August 2021 | Volume 8 | Article 620368
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TABLE 4 | Permutational non-parametric multivariate ANOVA (PERMANOVA) test on differences among training levels (Tl, 3 levels, fixed) and between sites (Si, 2 levels,
fixed) and their interactions (Tl × Si) (Bray–Curtis similarities abundance data).
Source df SS MS Pseudo-F P (perm) Unique perms P (MC)
Training level (Tl) 2 3280 1639.9 1.544 0.2865 180 0.3049
Site (Si) 1 3429 3429.2 3.977 0.0045 9959
Tl × Si 2 2125 1062.3 1.232 0.3213 9940
Res 14 12072 862.3
Total 19 20999
When less than 1000 unique permutations were available, the asymptotic Monte Carlo (MC) p-value was used instead of the permutational (perm) one.
FIGURE 5 | Web GIS screenshot shows some data interrogation options: on the left, the data of a single survey and on the right, the list of species layers that can be
activated with the relative symbol legends, which display the abundance classes (see Table 2).
Sea. These standard protocols aim to report the presence and
the abundance of key species and to assess and monitor over
time the ecological status of the investigated sites based on
the relative abundance of selected indicator species. They are
optimized for the habitats and operating conditions for which
they are intended. In tropical reefs and California, standard
transects are made in shallow waters under the supervision of
a scientist and/or a team leader, while in the Mediterranean,
volunteers independently apply a roving visual census that
allows them to explore from shallow to deep habitats (see
further comparisons in Table 5). RCMed U-CEM is not the
only protocol that can be adopted by snorkelers and divers to
report marine species in the Mediterranean Sea; however, the
aims and methods applied differ widely. Among those listed by
Earp and Liconti (2020), the most popular and internationally
applied alternatives in the Mediterranean Sea are: REEF, Sea
Watchers, and iNaturalist. Their main features are summarized
in Table 5 for comparison. REEF, started in 1993 with the fish
visual census in the tropical western Atlantic, was one of the
forerunners in involving volunteer divers (Pattengill-Semmens
and Semmens, 2003). Over the years, the protocol has been
extended to various regions of the world, and since 2014, it
also includes the Eastern Atlantic and the Mediterranean Sea.
As RCMed U-CEM, REEF is based on roving visual census
carried out by trained volunteers. While the main focus of REEF’s
program is marine fish, they also survey selected invertebrates
and algae in the temperate water regions. In addition to
the different lists of considered species, the major difference
between the two protocols lies in the less explicit and not
always precise location of the sites (based on hierarchical area
Frontiers in Marine Science | www.frontiersin.org 9 August 2021 | Volume 8 | Article 620368
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FIGURE 6 | Dataset contents (last access October 18th, 2020): (A) number of records (including absences) for each target species and (B) number of surveys carried
out at each habitat.
codes and not geographic coordinates), the lack of information
on the bathymetric distribution of species, and the reduced
findability, accessibility, and interoperability of the REEF data.
Sea Watchers, launched in Spain in 2009 as “Observadores
del Mar,” includes several thematic sub-projects (e.g., massive
mortalities of corals, death of pen shells, alien fishes, invasive
algae, decapod crustaceans, sharks and rays, and zooxanthellate
scleractinian; see Mariani et al., 2018); they are based on visual
observations supplemented by photographs that are sent to
experts for identification and analysis. Involved experts assess
and archive the observations, possibly integrating with additional
information interactively requested to the participants. Data
collected from some sub-projects are already distributed by
EMODnet or other data portals. iNaturalist, which began in
2008, is the widest social network of nature enthusiasts that
share and cross-validate photographic observations and it is
one of the more FAIR initiatives worldwide (Bowser et al.,
2014). Unfortunately, despite initiatives on marine organisms
are multiplying within it (Reef Check Italia has launched
two calls for contributions on Mediterranean nudibranchs and
corals), most of the collected data concerns terrestrial species.
In addition, many of the marine species’ records lack important
additional data such as observation depth or surveyed habitat.
Notably, except for RCMed U-CEM, none of the other initiatives
mentioned here for the Mediterranean Sea provide information
on the absence of key species, a “dark diversity” (sensu Partel
et al., 2011) usually neglected but potentially very useful in
assessing biological integrity, ecological status, and the effects of
global changes.
The application of the RCMed U-CEM protocol may
generate a range of direct societal impacts, including a
higher public awareness of environmental threats and the
involvement of stakeholders (e.g., tourists, divers, and diving
centers) in the monitoring and conservation of coastal marine
environments (Turicchia et al., 2021a). Therefore, it may
enhance the collaboration between coastal management
authorities, stakeholders, and researchers, increasing the
acceptability of management decisions and enabling
more participatory conservation tactics (Markantonatou
et al., 2013; de Francesco et al., 2017; Lucrezi et al.,
2018).
To obtain and distribute reliable and scientifically sound
data, RCMed U-CEM protocol was designed to minimize
taxonomic and geolocation errors. However, taxonomic and
spatial biases, recognized as major issues in CS projects and
biodiversity databases, remain intrinsically unavoidable for this




























TABLE 5 | Selected protocols comparison.
Protocol name Reef check med
(RCMed-UCEM)
Reef check tropical Reef check california REEF Sea watchers iNaturalist
Maintainer
organization




Instituto de Ciencias del Mar (CSIC) California Academy of Sciences
and National Geographic Society
Web site www.reefcheckmed.org www.reefcheck.org www.reefcheck.org/california-program/ www.reef.org https://www.observadoresdelmar.es/ www.inaturalist.org




Geographical scope Mediterranean Sea Worldwide tropical California Worldwide Mediterranean Sea Worldwide
Habitats Intertidal and subtidal
coastal sea bottoms
Coral reefs Subtidal rocky shores Subtidal coastal
sea bottoms
Intertidal and subtidal coastal sea
bottoms
Any
Training program With learning verification With learning verification With learning verification With learning
verification
Depending by sub-project None
Geolocalization Geographic coordinates Geographic coordinates Geographic coordinates Proprietary area
codes
Geographic coordinates Geographic coordinates
Data collecting methods Visual census Visual census Visual census Visual census Visual census/Photograph Photograph
Investigated area
definition
Random swim Transect Transect Random swim Random swim Random swim
Sampling effort measure Sampling time Fixed area Fixed area Sampling time Depending by sub-project None
Selected target species Yes Yes Yes Yes Yes No
Quantitative/qualitative
data
Quantitative Quantitative Quantitative Quantitative Depending by sub-project Qualitative
Species absence
recording
Yes Yes Yes No No No
Survey depth Recorded Fixed depth Fixed depth Recorded Optional Optional
Species depth
distribution
Recorded Fixed depth Fixed depth Not recorded Optional Optional
Habitat type recording Recorded Coral reefs Subtidal rocky shores Recorded Optional Optional
Data findability Proprietary WebGIS
EMODnet/OBIS/GBIF
Proprietary WebGIS Proprietary WebGIS Online proprietary
archive
Proprietary WebGIS or repository Proprietary WebGIS OBIS/GBIF
Data accessibility Open access Open access Open access Partially open
access /On
request
Partially open access /On request Open access
Data interoperability EMODnet/OBIS/GBIF None None None EMODnet/OBIS/GBIF OBIS/GBIF
Data reusability CC-BY 4.0 Not declared Not declared Not declared Part CC-BY-NC-SA 4.0 CC-BY 4.0
Data providers Acknowledged Anonymous Anonymous Anonymous Acknowledged Acknowledged
Data entering Smartphone app/website
form
Email Email Website form Email/website form Smartphone app/website form




Training verification /Data check Training verification
/Data check





















































Turicchia et al. The RCMed U-CEM Protocol
and most CS initiatives (Beck et al., 2014; Troudet et al.,
2017). New technologies may help improve the protocol
and reduce the possibility of common errors. For example,
the widespread use of the smartphone app has already
reduced localization errors, thanks to the integrated GPS.
The increasing adoption of waterproof cases for smartphones
and tablets suggests the possibility of entering data directly
during the in-water activity and collecting photos to verify
the species identification later using a specifically preconfigured
app (Max and Gualdesi, 2013). Advances in image analysis
and deep learning algorithms coupled with photo databases
can support the development of apps for identifying marine
species, as has been the case for identifying plants and
terrestrial animals (e.g., the app Seek by iNaturalist; see
Waldchen and Mader, 2018 for a review about automatic
terrestrial plant identification), and this technology could be
implemented on the Reef Check Med app and possibly used
directly underwater.
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